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Reply to Office Action of March 5, 2004 



REMARKS 



In this Amendment, Applicant has cancelled Claims 55, 58, 59, 67 - 70, 72, 75, 76, 78, 
81-84 and 94 - 98, without prejudice or disclaimer, and has amended Claims 52, 56, 57, 71, 73, 
77, 79 and 80. Claims 52, 56, 57, 71, 73, 77, 79 and 80 have been amended to further specify the 
invention and overcome the rejections. Applicant recognizes that the previously presented Claim 
59 was only objected as to form. The presently amended Claim 56 includes the same subject 
matter as the previously presented Claim 59. Therefore, Claim 56 is allowable. In addition, it is 
respectfully submitted that no new matter has been introduced by the amended claims. All 
claims are now present for examination in view of the accompanying remarks. 

The specification has been amended to correct a clerical error. The amendment to the 
specification is entirely editorial in nature. It is respectfully submitted that no new matter has 
been introduced by the amended specification. 



REJECTIONS UNDER 35 U.S.C. $ 1 12. SECOND PARAGRAPH : 



Claims 52, 58, 61, 64, 67 - 80 and 93 have been rejected under 35 U.S.C. § 112, second 
paragraph, as allegedly being indefinite for failing to particularly point out and distinctly claim 
the subject matter which Applicant regards as the invention. 

Applicant traverses the rejection. It is respectfully submitted that in view of presently 
claimed invention, the rejection has been overcome. In particular, Claims 58, 67 - 70, 72, 75, 76 
and 78 have been cancelled without prejudice or disclaimer. It is respectfully submitted that the 
Examiner has misunderstood the Claim 52 as previously presented. The "antagonists" at the end 
of the previously presented Claim 52 only modifies CRF, not other compounds. In the present 
amendment. Claim 52 has been amended to specify "a composition comprising at least one 
amino acid selected from the group consisting of valine, leucine, and isoleucine; at least one 
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antistress agent selected from metyrapone, alphahelical corticotropin releasing hormone, 
diazepam, allopregnanolone, dextromethorpon, zimelidine, and paroxetine; and a further 
antistress agent is selected from the group consisting of mifepristone, proglumide, and astressin." 
Therefore, the compounds included in Claim 52 are definite. By the dependency on Claim 52, 
Claims 61, 64, 71, 73, 74, 77, 80 and 93 also include the above compounds. 

In addition, Claim 71 has been amended to specify "the composition according to claim 
52 which further comprises a pyrrolopyrimidine or N-methylpyrrolidone." The support can be 
found in the specification on page 14-15, especially lines 1 - 4 on page 15. The two references 
incorporated by reference in the specification are enclosed herein for Examiner's reference. They 
clearly support the compounds defined in Claim 71. Therefore, Claim 71 is definite. 

Claim 73 as amended fiirther includes the compound defined in previously presented 
Claim 76. It is respectfully submitted that "antibiotics" are well defined groups of compounds. 
Unlimited antibiotics are not available. Mannan oligosaccharides are also well defined group. 
BioMos^^ is provided as an example of such a mannan oligosaccharide product. As indicated in 
the specification (page 8), the term "performance enhancer" is used to cover those antibiotics and 
oligosaccharides that are prophylactic for therapeutic agent against disease, particularly in the pig 
and poultry industry. These are readily identifiable to a person of ordinary skill in the relevant art 
to prepare animal feeds. Therefore, the scope of Claim 73 as presently defined is clear and 
definite. 

Claim 77 has been amended to correct a clerical error in the spelling of "bolus." In 
addition, it clearly defines that the composition is encapsulated in a bolus or a time release 
capsule. 

Claim 80 has been amended to specify "the composition according to claim 52 which 
further comprises a pharmaceutically or veterinarily acceptable diluent, excipient, carrier or 
solubiliser." 
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Therefore, the rejection to Claims 52, 58, 61, 64, 67 - 80 and 93 under 35 U.S.C. § 1 12, 
second paragraph has been overcome. Accordingly, withdrawal of the rejection under 35 U.S.C. 
§ 1 12 is respectfully requested. 

REJECTIONS UNDER 35 U.S.C. § 1 12. FIRST PARAGRAPH : 

Claims 52, 58, 61, 64, 67 - 80 and 93 have been rejected under 35 U.S.C. § 112, first 
paragraph, as allegedly failing to comply with the enablement requirement. 

Applicant traverses the rejection. It is respectfully submitted that in view of presently 
claimed invention, the rejection has been overcome. In particular. Claims 58, 67 - 70, 72, 75, 76 
and 78 have been cancelled without prejudice or disclaimer. As stated above, the "antagonists" 
at the end of the previously presented Claim 52 only modifies CRF, not other compounds. In the 
present amendment, Claim 52 has been amended to specify "a composition comprising at least 
one amino acid selected from the group consisting of valine, leucine, and isoleucine; at least one 
antistress agent selected from metyrapone, alphahelical corticotropin releasing hormone, 
diazepam, allopregnanolone, dextromethorpon, zimelidine, and paroxetine; and a further 
antistress agent is selected from the group consisting of mifepristone, proglumide, and astressin." 
Therefore, the compounds included in Claim 52 are definite and sufficiently supported by the 
specification. By the dependency on Claim 52, Claims 61, 64, 71, 73, 74, 77, 80 and 93 also 
include the above compounds. A person of ordinary skill in the relevant art will clearly 
understand the embodiments of the present invention as defined in Claims 52, 61, 64, 73, 74, 77, 
80 and 93. 

Therefore, the rejection to Claims 52, 58, 61, 64, 67 - 80 and 93 under 35 U.S.C. § 1 12, 
first paragraph has been overcome. Accordingly, withdrawal of the rejection under 35 U.S.C. § 
1 12 is respectfully requested. 
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REJECTION TINDER 35 U.S.C. § 102(b) 

Claims 52, 58, 61, 64, 67 - 80 and 93 have been rejected under 35 U.S.C. § 102(b), as 
allegedly being anticipated by the Schaefer et al (US 5,728,675), hereinafter Schaefer. 

Applicant traverses the rejection. At first. Claims 58, 67 - 70, 72, 75, 76 and 78 have 
been cancelled without prejudice or disclaimer. The rejection therefore is moot. Secondly, as 
stated above, the "antagonists" at the end of the previously presented Claim 52 only modifies 
CRF, not other compounds. In the present amendment. Claim 52 has been amended to specify "a 
composition comprising at least one amino acid selected from the group consisting of valine, 
leucine, and isoleucine; at least one antistress agent selected from metyrapone, alphahelical 
corticotropin releasing hormone, diazepam, allopregnanolone, dextromethorpon, zimelidine, and 
paroxetine; and a further antistress agent is selected from the group consisting of mifepristone, 
proglumide, and astressin." Obviously, Schaefer does not disclose the specific components as 
required in Claim 52. Due to their dependency on Claim 52, Claim 61, 64, 71, 73, 74, 77, 80 and 
93 are also distinguished from the disclosures in Schaefer. 

Therefore, the rejection under 35 U.S.C. § 102(b) has been overcome. Accordingly, 
withdrawal of the rejection under 35 U.S.C. § 102 (b) is respectfully requested. 

REJECTIONS UNDER 35 U.S.C. § 103 : 

Claims 52, 55 - 57, 61, 67, 68, 80 and 93 have been rejected under 35 U.S.C. § 103, as 
allegedly being obvious and unpatentable over Blackbum (WO 82/0041) in view of Walser (WO 
95/30418) or Ito et al (US 5,937,790) and Daley et al '93. Applicant traverses the rejection. 

Blackburn discloses a therapeutic amino acid preparation for the treatment of stress and 
injury. Specifically, the pharmaceutical preparation contains 70% to 100% of the branched chain 
amino acids valine, leucine and isoleucine. The amino acids are said to promote protein 
synthesis in a stressed body. The compositions are formulated with a variety of diluents, 
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excipients, carriers and infusion solutions and pH adjusters. However, there is no suggestion or 
motivation that these amino acids should be used together with anti-stress agents, especially at 
least one antistress agent selected from metyrapone, alphahelical corticotropin releasing 
hormone, diazepam, allopregnanolone, dextromethorpon, zimelidine, and paroxetine; and a 
further antistress agent is selected from the group consisting of mifepristone, proglumide, and 
astressin.as included in the embodiments of the present invention as claimed. 

Walser discloses a method for treating HIV by administering an agent that suppresses 
endogenuous production of glucocorticoids together with a replacement glucocorticoid. The 
agent includes metyrapone and mifepristone. However, stress is not specifically mentioned as 
being treated. There is no suggestion or motivation to use the method disclosed in Walser to 
treat stress. Examiner may assume that HIV treatment itself causing stress. However, the 
present invention specifically defined that the stresses being treated are stresses from injury, 
trauma, surgery, hunger, thirst, fatigue, thermal extreme stress (page 17, lines 5 - 6 ). There is no 
indication or appreciation of synergistic interaction to combine the amino acids in Blackburn 
with the therapeutic method in Walser to achieve the present invention as presently claimed. 

Ito discloses anti-stress agents for animals and a method for reducing stress in animals. 
Specifically, Ito teaches L-ascorbic acid-2-phosphoric acid, a salt thereof and an L-ascorbic acid- 
2-glucoside as active ingredients. Although Vitamin C combination with oligosaccharides are 
allegedly shown by relying on 2-0-.alpha.-D-glucopyranosyl-L-ascorbate (col. 6, line 41), there 
is no teaching or suggestion that another anti-stress agent can also be used and that it will 
enhance the anti-stress effect in combination with the amino acid to achieve the present invention 
as claimed 

Finally, Daley discloses the use of metyrapone to treat wounds in a cat with pituitary 
dependant hyperadrenocorticism. Similar to Walser, Daley does not indicate that metyrapone is 
used as an anti-stress agent or its use with particular amino acids as included by the embodiments 
of the present invention. 
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Therefore, neither Blackburn, Walser, Ito nor Daley have suggestion or incentive to 
combine these references together to achieve the present invention. Even if combined, they do 
not teach or suggest the invention as presently claimed. Accordingly, Applicant respectfully 
requests that the rejection under 35 U.S.C. §103 be withdrawn. 

Having overcome all outstanding grounds of rejection, the application is now in condition 
for allowance, and prompt action toward that end is respectfully solicited. 



Respectfully submitted, 



JACOBSON HOLMAN PLLC 



400 Seventh Street, N. W. 
Washington, D.C. 20004 
JCH/jc 



Date: July 2, 2004 
(202) 638-6666 




Atty. Dkt. No.: P67120US0 
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Neuroprotective Effects of the Novel 
Brain-Penetrating Pyrrolopyrimidine 
Antioxidants U-101033E and U-104067F 
Against Post-*Ischejnic Degeneration 
of Nigrostriatal Neurons 

Paula K AnivBf ThnoCfay J. Fleck« Jo A. Oortveoiw and Edward D. Kall^ 

CNS Diseases ResoATCh, Phaonacla A UnjotA, Ine^ Kalnmazoo, MiohJgQA 



A tO*iDln period of bilateral carotid ocdiuioa (BCO)- 
induced Corebraia todieralfl in garbOi txigee^ « de- 
Isyfid TGUtiKrade dasenaracioa oC3S^0% ordopamln- 
er^ic nlgrostiiMial (NS) nearoDS. The laedianlaiii of 
the NS degenfirottoa is believed to lavolve oxysea 
radical fionnacioa secondary to a poscbchciaU fn* 
mue ih dopamlae tamoirfir (monoaialoe oxidase, 
MaO). If the avyaen radlcQl Incnasa Ib suAdoidy 
cffvoni Hpld pcroxidaHvd loiary to the striatal NS 
CfirmJaals b ColowM by retroBrado digeneratioiv cf 
Iht NS call bodies. In tfap preseat smdy, va esQRdned 
whether the novel brala-penetraHn^ Upld antioaddant 
pyrrolopyrlmJdIne, U-IOIOSC aad Iti atoraaClscd 
DaD]De,U-ia4lld7Ft could otiaiiaace dn|)aniinergtc nau* 
TodegcnerodoQ in this iDOdd. Male MansnlUui sorbUs 
wm doiBd VIA U-10UI33E (L5. S; or 15 tnfi^ by 
mouth, twice dotty) or tl-lOdOtTTF (5 or 15 mq/k^ by 
amcb, tirtca daQy) lbr37 days begbttikifi on die doy oftba 
ItMnin Isdionte Insult Pnaemdon oTNB neuraoa wni 
aaseiaed by tytmism hydm^lsfie InrniUDOfaktodttmiaiy 
at 28 days. In vddde (dO« b|dnu(ypnp^P^cMe& 
biii}-ti««tBdaBiEn&U there WB8a42% lay of NS ncuii^ 
In oaairtBC gerblb that rocdntdS or 15 rng/liC V-t0l033E 
twicsdflly kadoB^a23% or 28% JfliEorNSnflurons. 
»pecdvt4y (P < ttj002 v& vehIdo)i U-lMtfTF ^wwcd 
little efifoct at ^[mrbifi n^orani at the 10 mfi/kB dosti but 
did ^gnlflcaxn^ atteniute HBunHud loa la ob^ 2Q% at 
dieao dose (P < aoi vahldeXnansiitoahow 
that both the pymlopfHnildines OU-lOUOaE and 
VAOWJW] signlfkaiitty ottvmiaia the poariacbonk ka 
of NS dapaminersie nenrona aad lUrdier support the 
involvement ol a dopuolpc matabollstn-dertvcd. oiy- 
gen raifieaMnduced lipid peroNldotlTe meehanlsm. J. 
NouroscL Sea. 47;6SM{54, 1997. e len i^iky-Ua, te. 

Key wordai pyrndopyrlmidlaa] Iseheinia; Qlgrosteta- 
tali deBcnarotkm; nemnprotacdoa 



INTBODUCnON 

Parlcinaon's dfaease is a fnojor oeuiodegenemnve 
disuider in which thnc is a progressive lass of nigFOSttia- 
ral (NS) dopamiflergio neuiooa dshii et al.. 1993). U has 
become Incrdatingiy clear that oxygen Adical-inducad, 
Iron-ontalyaea If pid peroxidftdDn probably pisys a rale in 
(he NS degeneration (Cohen, 1986; Jenner er aJ.. 19^; 
Istiil et al„ 1993; Yoodbn at elI., i99f3), Tho ptogres&ive 
death of NS dopominergie neurons leads to a dranudo 
decrease tn saiaiaL dopamine and Use clasaie Pnitlnsoaian 
lymptofnatology Jacludios amor, rlgidiiyt and bndyld- 
nesla (later akinesia). The sunnMnK dof^vnine neurons 
oaoffipt 10 compensoie by tnoxenaing their release of 
ncutotransmitiBr. Howevei. the increased mmovcr of. 
dopasdofi. wtdch inemdes incKBfieameiabelicm by atono' 
amine oxidase (MAO), may scmally serve to jncneasB tho 
oxldedve stress diat the NS neuiant may already be 
undftrfioing. This is due n die fict thor MaO oedvicy 
causes die generatieui oFf^ydicgen peraiude diai; in mm. 
through FeniOD chemistry gives rise id hydrozyl radicals 
(ft-*^ + HiOz - Fe*^^ + -OH 4- OH) (Cohen. 19S6; 
Spina aad Cohen. 1989; Ybudim et al^ 1993). The 
reladonship between MAO acdvny-rctazcd oxidadve sues 
and NS d^cnemcioa tm also racemly been dfimonstxated 
in die contesa of the gobll forebrain ischemia model. 
Brief episodes of near complete fozebroiA ischemia have 
been ahoMm to trigger a prdgrcmve degeeemdon of NS 
neurons over a 28-dQy period (Shuaib et zd^ 1992; 
and Vblpe, 1993; Hall et al, 1994; Saji ac al^ 1994; 
Andras et ai.t 1995). The onset of degeneradon is 
preceded by an Initial podireperftialoa inoaase in striatal 
dopamine tumovsr nul OH degeneration (HaU ec ai^ 



*C]rrciponclenca lo: BtftfOFd D. H4II. ^.D,, CNS Ptiesus RocaRib 
7251-209-407, Fnonweio St CEtfofaa, Ino*. 301 Bmdicn SticcC 
Ki)wnuna.M]«00l. 

Received 1 auqsc lOOSt Aavlted 31 Oaooa 19M: Acccpied 4 
Mbwvmbdt Idas. 
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lM4;Andmactfll.. I995)-A likely TOechanliiicCTwMaia 
for a linkage bacnucdn ttie posdAehemk dopmine Turn- 
over sad associated oilduive saw and the degcntncioD 
Of the NS neuvons is &ee radical-induced lipid peroxidOr 
DOD (Braugtiler and Hall, 1989; Hall and Bnughler. 
1989). If lipid peioxidAiion ia mdaed tha mecbfinisni f6r 
NS degenerotlOQ after IscfaifiniiL, ihen lipid ondoxidant 
coropountLi would be expected to aaoBuaxe die progM* 
dive poflUachemic, PaddA80&-lIke degenamcien of NS 

nOUTOTlS. 

Ill dw prasent amdy, we have exammed the ability 
of TWO novd, bnin-penetrating pynotopyrimidne lipid 
pccoxSdadon inhibilOf^ 1J-IQl033£ and U'10406m to 
limii (he pcogresaive loos of NS naiuou in ger^ils 
meaBored ai 23 days after a 1D-Tnin episode of neaz^ 
complete forebrain ischemic, bn otiier scudLes* ihe&e 
conxpounds ttave been s&owa co atfecdveJy anestaQte die 
lOM of die highly vutoerable tiippocampal CAi neiiroos in 
gerbll« fotlowieg a 5-itilo ifichonlc Insult (HfiU « oL. 
1995). 



MATERIALS ikSO METHODS 
Gar bil Forebrflin Isdieinia Procedure 

All experiments received prior approval by die 
CoTporacB AnUnal \Uel/ais Conunioee of Upjotin L^9om« 
caries bq eiuure diot they were pnfonncd in atdct 
compliance with the NacioDal Inadmiafi of Healdi Cuidt 
for rh£ Care and UsA ofLabarawry AnlmaU, 

Male MoagoUan gerbila, obtained born 1\)inble- 
bcoolc Pamfl (West Brookdeld, MA) and weighing 4^^s 
g. were anesthetized viridi mthoxyflurane. A 1- co 2-cm 
midUoe throat ircision providad aecefig to boih carodd 
anaries* which uvcre clamped with iQlcroaiicuTysm damps. 
The animals were placed in a wanniag box Widi an 
ambient cemperaiure maintained at 37*C for die doiadon 
of the ischenk ituulL After 10 min of nesr-compkce 
mliaaua, the clamp& were ramoved and reperfiaien 
allowed far 28 days. 

rymlopyrimldlne Dostng 

Animals ware ireatad widi vehicle (40% aqueous 
hydioxypropyi-p-cyclodfixiiin; Encopsin HFBi Ameiicaii 
Maize-Products. Hammood, IN) or defied widi U-101033E 
(by mouth, twjce a day) at 1^ 5. or 13 mg^kg twice on 
die day of iscbenia and dien twice daily thereafter for die 
4-wk iBpecfusion phase. One group of geibila cccdved 
U-lOlOaae ai so m^i once daily, In ^ sapgrate 
ezperinwnt, animala were aimRariy oeaed widi eJiher 
'vehicle or with U-104O67P (by mouth, rwice a day) or i 
tu 15 mg/lcg. In hokK ezpeiiroenle. aham-eceludad gezfailc 
underwent the some anesdttoia and suiBicoi procDdures 
without the iflcheiolc insulT. Doaei were selected based on 



jUtfoKUasi Naufopratecdoii ^1 

pcdviouA anidiea sAowIng the ability of the two coid- 
poundfi CO prevent ischemic damage lo hippocampaJ CAi 
neUTona in getbUs (Hall et aL, 1995) or to lemrd 
renogrodo degeneradon of axoiomized facial motor neu- 
rons in nsonat^ rats (Smidl ei al.. 1996). 



lymaina HydrozylBaa ImmonohistodMniiflxy 

After 28 daya, the animals were deeply re- 
anesdiedxed wids medioxyflurane and perAised Inaeacardt- 
ally with oxyconaied Krabs-EUnger bKarbonaia (pK 7.3) 
undl (he efflaem waa oteared of blood (2 min). foIlQwed 
by (i£if\iaian wid) cold 4% paraformaldehyde in 0*1 M 
phosphate buffer (pK 7.4) for 9 naln (apprtfdmaidy 300 
mi). The brains were cemoved bloclced» and poadixed for 
4 hr at 4°C. The brain tiftsnes were equilibrated in 
incrBaiingoonceairBCions c]f sucrose (10%, 20%, 30%) in 
phoijphaie-bufferea saline (PBS), pH 7.4, over a 3-day 
pedod. Altar complete equilibradon in 3(Hb sucroscr die 
brains were tozen in liquid nitrogen viqsor for 10 min and 
sioied at -70*c uncll processing. IDe oralns were later 
secdoncd ai-SO pm on a Ldtz (Nuhsbaum, Inc., McHcnry, 
IL) Sledge microtomfi mio aOl M PBS at 4*C 7.4). 
Serial sectians dirough the subsianda nigra were pro- 
cesseii ae irise-flda&fig 8ectiooa for ^aine hydroxylase 
CTKl immjnohUlochemlsny. 

The number of TH-posldve ncurotia was m&Qually 
oouiziBd [n a snip of diree radicules, each ^0 x 620 ^tn, 
at 20 X along ihe substanda nigm (zooa compocu and 
redouli). The raw numbers were converted to the 
iiQTnber of lll^posIdvB naurons/mm^. The numbets of 
nencDna/nton' for die two sides were avemged fbr each 
ommal. Neurons were eoanied in mrae regions (planes) 
throoflh the subataticia nigm (region A » mm; region 
B ■> 1.76 mm; ngion C - 1^ mm). Ail evaluanona 
wem Dllnded as to which slides were from vebicJe- or 
dctig-treated aoimah. Statk^mni evaluation was per- 
ftatmed using a SDideal*a r-iest with Bonferoni cDorecdon 
for muldple comparSsona^ 



BISVLTS 

Figure 1 shows the muhuagiDnal dose-raspan&e 
reladonship for the neuroproiecdve sflect of U-10I033E 
on tht retrograde degeneration of the TH-posidve (dopa- 
mine) neutona in die subsionda nigra 2j daya after a 
lO-min epiaoda of near-eomplete forebrale l&ohamia in 
the There was a slgaificani 42% loss (P < O.0DJ) 
of m-positiYa NS neurcnfi In die subsionda nigm in 
venide-craated animals compared wirh sham (noooc- 
cludfld) animals. Other work bas demonsiraied chat d&e 
loBB of TH«acained nemana rtpresants a real loss of NS 
neurons because cresyl violet staanhig shows an equivsi- 
lent loss at 28 days after Isctaoia (data not shown). 
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Fiff. I. DoBD-respanifi (p.o^ BID] and mtiltiHre^al anal^aii 
of U-101CO3E^s ertrecL od cha dsiayed degeneraxlon of dopainiP- 
ors^ lyraiinfi liydrcxylue C'rH)-9oiflUtre xifgral neuTOts u 3S 
days Bftor a lO-inin cpiaode of near wmplflie fofdvain iwh- 
emi4 In nsUfi gertdlB. Bach bor jtpreaenu raenn :t SEM tbr 
10-14 itnimala. **P ^ aOOl vcwutf shim; •i* < om vcraua 
vehicle. 



U-101033E prcKtuettl sligbi protection of tha NS neurons 
ox tbe 1.5 tugncg dosa (by moam, twice daily) and 
sjgoi^cani sparuig u ibe 5 ms/kg dose (by inouib. cwice 
daily; P < 0.001) «id The 15 mf/kff dose (by tnouib, 
P < 0.002) in eacli of ihfi ibreo fegions of the aubstaiuia 
mgn that wece examined. The group of animals receiving 
U-10L033B 01 30 mpScg onea dally alto sncma itgnifi* 
cane pmtficdoQ < 0.00iy 

Figue 2 ahawfi tho maldre^onol dosA-ceajtcnse 
raladonsh^ for die nemoproiecdve fifibcc of U-1 04067F 
in tho tune model. A^oln, theire wad a aie;nIAcani losa of 
TH-postdve ncttrona In me subscanda nism in vetdclc- 
treaied onimala compared with sham anlmoU. U-104067F 
dfiinonatmiod al^iificaitt spoiing (P < 0.05) of neo- 
rons lu the 10 mg/lcg dose, but ooty in regm C of die 
subBEanda nigra. Howevar, at 30 mg/ieg, cm eompoimd 
signlUcantly (/* < O.Ol ) pmcsctcd in each of die dvce 
pegiona dial were examined. IVP^^ examples of the 
pcadschemic Loss of NS neiLrons and chc pardol praise- 
cive effects of 1J-104067F are shown In Figure 3. 



DISCUSSION 

Our lesalcs show diai a single lO-mio episode of 
forebnin iachexnia in gerbila tciggera a progresai ve dagttv- 
ecidon of depaminergie NS naarons mar offeis u model 
of ParklasoQ*5 Disease dw ia pocennally modifiable by 
diug traacmeTit The cucrenc modal and tbe demooa&QCfid 
oeuiOQAl damage are cODsistcnt widi that Aeen by oihera 
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R'g. Z DoM-xesponsa and mQld-fegloaal &a;ilyaii of 
U-lOoOfiTTi ft{f«ei on iha delayed loaa of depsrnj'ncr^e 
cyeostne hydroxylasa-peafiive aigral nearer at 28 aayi after e 
lO-mhi episode of aear complcie CoTehnus) iichamia in mala 
ggrbO*- Each bar repmacnn Toean ± SBM Tor 1 1-12 nnlmali. 
*^P < 0,001 versuB sham; *P < OlOI varsua vehicle. 



In siJQilar gcroU forebcain Ischemic insults (Shoaib ei al., 
1992: Snjl and Volpc. 1993: Saji ec al., 1994). In the gcrbil 
forebrain iacherma model and sunOor rodent forebraln 
iaehemia paradignts. diece is significam posdscfasmis 
hicrease in striata) dopamlnfi aunover (Weinbeiger and 
Conen, 1983; Oiobus ec aL. ]987a»b: Ishii ct al-, 1993; 
Simonaoo et al., 1993; Hall ei aJ., 1994) diat Is coineidflnt 
widi an increase in niiKOctioQdTial MAO acrivity (Ishii et 
aL 1993), hydraxyliadical levels (Delbacreet a!.. 1993; 
Hfdl et al., 1993, 1994; Sinaonson et al.. 1993), and lipid 
pemxldadoa prcMhicts (Ishii et aL. 1993). This mechanis- 
lie caacadc is conaiatenc widi (he concept diot (he initial 
iaehemia-aiggezed ianease in dopanotac release and 
mccaboliAn-dcrived oxygen ladicals midates a lipid pcr- 
oxidodve injury to dta lermlnalfi In the saiatum Uiac if 
sufficianUy seven, i&sulis b a delayed retrograde dcgcn- 
eradoQ of die NS ccU bodies in (ha aiibflianila nigra. 

If lipid pemxidartoc is dia mechanism far NS 
deganeradon afkcr isd\emin« dien lipid antioxidant com- 
pouods would bo expeciad CO acmmiace the progressive 
posdscbeardc^ rarlcioBOn-liiCB degeaetadan of NS neu* 
roQB. Conaiaicnt widi tbia machanladc view, we have 
damoasicaGed ^t U-lOloaSE and U-lOa067F— rwo 
iDcmbera of a novel group of brain-penecrabla, poMi 
int^itora of Iron-dependent lipid prrtuudaaon in me 
neund dssue diat operate by eleccron-donadng and radical 
crapping mechaoisma (Holl et al., 1995>— efifecdvely 
flfiSBuaie Che posdtt^hemie loss of KS neurons. Aldiou^ 
neidier compound is completely efbctive^ faodt reduced 
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Fie. ^ A: Comiparison of ibo q^Ijid ltydrol3flu^poflll^fl 
lUgtai neurons pmenl In oonnaU nan-opdu0cd onhnoli St Tifi 
Idas of n«qmv8 in vetueb-Doatfid onimaii oc 28 dftyi aft«r s 
ICVmiD episode of BeoiH3oinplcGfi tbnbraln IschomSa En ronJo 
gotQfl. The piaecUv« efT«cc of tfio pyrrolopryrjmitfnA 
U-lOOOfiTF oo the recmsnde d^^fiMlion <si chd tymimfl 
hydnuQrtaie-poaldYs ncunnu in geibUi iboitiad undsrisono che 
ama surgical procaducaa. &at b l mu 



the dfl^enemdon by &c lease half. Because the dalayed and 
pcQBTdSdi'^ pofttUchemic Iobs of [he NS n^uroos i& 
leminiicent of NS dbgenetadoo in Porkuiaon's dlscBSC» 
chrooic treatment with a pyiroIopyiimidmB may aaive to 
slow Che progression of Ihfli disoider, whieb Hafi beon 
increaain^y Qtiiltoied u an oxygen railical«in(local 
LTon-depeodeni, lipid pfiroxldadve process (Cotiec. 19S6; 
Jenneraal.. 1992: I&lm ai.. 1993; YoudUis ei ai., 1993). 
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Soznniary 

The 2I-aTninostcroid (lazaroid) tirila2ad mesylate has been dem- 
onstrated to be a potent inhibitor of lipid peroxidation and to reduce 
Iraumatic and ischemic damage in a number of expenmenial models. 
Currently, tirilazad is being actively investigated in Phase ID clinical 
trials in head and spinal cord injury, ischemic stroke and subarach- 
noid hemorrhage. This compound acts in large part to protect the 
microvascular endothelium and consequently to maintain nortna] 
blaod'-brain barrier (3BB) permeability and cerebral blood flow 
autoregulatory mechanisms. However, due to its limited penetration 
into brain parenchyma, tirilazad has generally failed to aifcct delayed 
nouronal damage to the selectively vulnerable hippocampal CAl and 
striatal regions. Recently, we have discovered anew group of antioxi- 
dant compounds, the pyrrolopyrimidines, which possess signifi- 
cantly improved ability to penetrate the BBB and gain direct access to 
neural tissue. Several compounds in the aeries, such as U-101033E, 
have dcmonetrated. greater abib'ly to protect tbe.CA.1 region in the 
gcrbil transient forebrain ischemia model with a post-ischemic thera- 
peutic window of at least four hours. In addition, U-X01033B has 
been fowd to reduce ir\farci size in the mouKc permanent middle 
cerebral ,artety ocduaion mode] in contrast to tirilazad which is 
minimally efTective. These results suggest that antioxidant com- 
pounds with improved brain parenchymal penetration are beaer able 
to limit certain types of ischemic brain damage compared lo diose 
which arc localized m the cerebral microvasculaturo. On the other 
band, microvascularly-locaiized agents like diilazad appear to have 
better ability to limit BBB damage. 

Keywordr, Andoxidam: tirilazad; pyrrolopyrimidinc; ischemia. 
Introduction 

There is now a significant amount of information 
that supports a role of oxygen radical-induced lipid 
peroxidation (LP) in the pathophysiology of acute 
central nervous system injury and ischemia [4,7,20], 
The Zl-aminosteroid (lazaroid) tirilazad mesylate has 
been demonsirated lo be a potent inhibitor of LP that 



acts by a combinaiion of chemical radical scavenging 
and membrane stabilization mechanisms. It has been 
shown to reduce, traumatic and ischemic damage in a 
number of experimental models, and a correlation 
has been demonstrated in several instances between 

' attenuation of oxygen radical levels and/or hpid 
peroxidation and the neuroprotective eiffect (see review 
by Hall et ah , [9]). Currently, tirilazad i% being actively 
invesiigated in Phase lU cUnical trials in head and 

- spinal cord injury, ischemic stroke and subarachnoid 
hemorrhage (SAH), Results from a multi-national 
European/AustraUan/New Zealand trial in SAH have 
demonstrated a highly significant reduction in 3 month 
mortality and improvement in the incidence of "Good" 
recovery (Glasgow Outcome Scale) in patients treated 
with tirilazad [11]. 

Tirilazad appears to act in large part on the mi-, 
crovascular endothelium [1,16] and consequently has 
been shown to protect the blood-brain barrier (BBB), 
to maintain cerebral or spinal cord blood flow auto- 
regulatory . mechanisms and/or to reduce delayed 
vasospasm in multiple models [9]. Therefore, its* ability 
to protect neural tissue from traumatic or ischemic 
insult in many models may be largely indirect. Indeed, 
tirilazad, most likely due to its limited penetration into 
brain parenchyma [19], has generally failed to affect 
delayed neuronal damage in the selectively vulnerable 
hippocampal CAl and striatal regions [2,5,12,21], 
although it has some effect to protect cortical neurons 
[12,21], Moreover, in models of permanent focal 
ischemia where microvascular effects may be less im- 
portant than in temporary ischemia paradigms, the 
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Fig- 1- ChfJinical smictures of ihe 21«aniitiosteroicl or-laaaxoid 
urtlazad mcaylate (U-74006F) imd selected pyrrolopyrimidmes 



compoimd's ability to affect infarct size, while demon- 
strated in some experiments [3,15], has been inconsis- 
tent [22]. 

Thus, we reasoned that lipid peroxidation-inhibiting 
(antioxidant) compounds -with improved brain pen- 
etration might possess certain advantages over the 
microvascularly-Iocalized tirilazad in certain CNS in- 
jury situations. Recently, we have discovered a new 
group of compounds, the pyrrolopyrimidines (Fig. 1), 
which are equal or better antioxidants than tirilazad, 
but with significantly improved ability to penetrate the 
BBB and gain direct access to netiral tissue. Several 
compounds in the series, including U-101033E, have 
demonstrated greater ability than tirilazad to protect 
the CAl region in the gerbil forebrain ischemia model 
with a post-ischemic therapeutic window of at least- 
four hours. In addition, U-101033E has been found to 
reduce infarct size in the mouse permanent middle 
cerebral artery occlusion model in contmst to tirilazad 



E.D.HaUerfl/. 

which is inactive. On the other hand, microvascxilarly- 
localized agents like tirilazad appear to have better . 
ability to limit BBB damage after experimental SAH. 

Strnctural Comparison of Tirilazad Mesylate 
and the Pyrrolopyrimidines 

Figure 1 displays the chemical structures of tirila- 
zad mesylate and three of the pyrrolopyrimidines, 
U-87663E (the original protoq^pe), U-89843D and 
U-101033E*. Tirilazad is a non-glucocorticoid 21- 
aminosteroid or "lazaroid'*. The primary chemical an- 
tioxidant portion of the molecule is the amino moiety 
bound to the 21 position of the steroid side chain. 
Physicbphemical. studies indicate that the highly lipo- 
philic (i.e. hydrophobic) steroid moiety orients itself, 
within , the hydrophobic fatty acid core of the mem- 
brane and is largely responsible for the high affinity of 
the compound for cell (e,g- endotheUima) membranes 
[9,19], The more hydrophilic amino substitution exists 
closer to. the surface in juxtaposition to the phosphate * 
head groups of the phospholipids. In contrast, the 
pyrrolopyrimidines lack the highly Upophilic steroid 
moiety, while bearing some structural resemblance to 
the bispyrxplidinylpyrimidinyl piperazine 21-amino 
substitution of tirilazad. The lack of the steroid serves 
to lessen the high afl&nity for and retention in lipid 
' bilayers (T. J. Raub and G. A. Sawada, unpublished 
results). 

Comparison of Inhibition of Iron-Dependent Lipid 
Peroxidative Neuronallnjury 

Table 1 shows the IC^^s and maximimi % protection 
of cultured fetal mouse spinal neurons from iron 
(200 )aM ferrous ammonium s\ilfate)-induced lipid 
peroxidative injury (system described in detail else- 
where, 8) by tirilazad in comparison to the pyrro- 
lopyrimidines. Protection was measured in terms of 
preservation of amino acid uptake (i.e. uptake of 3H- 
amino isobutyric add). As seen, the pyrrolopyrimi- 
dines are generally more potent and slightly more 
efficacious in this in vitro model. However, with both 
types of compounds, a correlation has been demon- 
strated between preservation of amino add uptake and 
attenuation of iron-induced lipid peroxidation (data 
not shown), ' ^ " 



• Tlie suffix IcitciB indicate the aalc form of the compound. Differcni salts were someiimcs studied such as A= hydrodilorida, D = sulfuric or 
e = methane sulfonate." Thua. buffix lenors may vary below. 
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Sham Veh U74006r U101033E 

Fig. 3, Comparison of the ability of U-74006F and U-101033E to 
salvage bippocampal CAl neurons at S days aAer a 5 min episode of 
bilateral carotid ocdusioa ia Mongolian ^erbils. Values - means ± 
Btahdard error for 10 anhnols/group. Oerbils were dosed' with 30 mg/ 
kg per 08 pre-isebemia plnfi 2 hrs after lepetiusion and once daily on - 
days 2^ and 4. Asterislc indicates p < O.OS vs. the vehicle created 
group 
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Fig. 5.- Therapeutic window of U'10I033£ to salvage hippocampel 
CAl neurons at 5 days oTter a 5 min episode of bilateral carotid 
ocdusion in Mongolians gerbils. Values a means ± standard, error for 
10 animals/group. Gerbils were dosed beginning at each lime point 
with 30 mg/lcg per os plus 2 hrs later and on the subsequent days, 
Asterisic indicates p < 0.05 vs. the vehide created group 



100 n 



I 

+ 



< 

u 




Sham Yph 

U-101033E Oose Responao (mg/|<g) 

Fig. 4. Dose-response of U-101033E to salvage hippocampal CAl . 
neurons at 5 days after a 5 min episode of bilateral carotid occlusion 
in Mongolian gerbils. Values = means ± standard error for 10 
animala/group, Gerbils were dosed with each dose level per os pre- 
ifichemia plufi 2 hrs after rcperflision and once daily on days 23 and 
4. Asterisk indicates p < 0.05 vs. the vehicle treated group. 



forebrain ischemia [2,5,12,15] perhaps due to its lim- 
ited BBB peneiratioa in the context of models where 
BBB permeability is minimally compromised. Simi-- 
larly Fig. 3 shows that preischemic oral treatment with 
xirilazad (plus addiiional post-ischemic dosing) has 
only a small effect on. CAl neuronal preservation in the 
gerbil 5 min. forebrain ischemia model In coQirasi, 



oral pretreatment with the more BBB-penneable 
pyrrolopyrimidincU-lOlOSSE produces twice as much 
CAl protection compared to drilazad, reaching a level 
that is significantly greater than the CAl preservation 
observed in vehicle treated animals. Figiire 4 shows the 
dose-response curve for the ability of U-101033E pre- 
treatment to protect the CAl region-. As seen, dose 
levels of 10 or 30 mg/kg are significantly eflfective, 
whereas doses as low as 1 and 3 mg/kg appear to have 
only some effect. 

Therapeutic Window in Transient 
Forebrain Ischemia 

Figure 5 displays the therapeutic window for the 
eflBcacy of U-101G33E with regard to CAl protection 
in the gerbil 5 min. forebrain ischemia model. As can be 
seen in this graph, the initiation of dosing 30 min. prior 
to ischemia (plus repeated post-ischemic dosing) is the 
most effective. However, a delay in dosing to 4 hr. after 
reperfiision still provides a statistically significant 
neuroprotective effect. 

Comparison of Infarct Reduction 
in Permanent Focal Ischemia 

The neuroprotective efficacy of tirilazad has also 
been compared to selected pyrrolopyrimidines in the 

context of focal ischemic models. For instance, both 
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Fig- 7. Comparison of the ability of U-74006F and the pyrro^ 
lopyrimidme U-87663E to reduce blood-4>raia barrier permeability 
(Evans* blue cxtravasaiion) in male Sprague-DaY/ley rats at 3 hrs 
aAer SAH. The animals received a I m^g i.v. dose of cither 
compound (ot an equivalent volume of vehide) ai 15 min before 
and again at 2 hrs alYer SAH. Brains were dried and the Evan's 
blue extracted with fotmamide and measured fluorometricaUy. 
Values ~ means standard error. K 8-14 animals/group. Asterisk 
LQdicatea p < 0.05 vs. vehicle 



tioxidanls have been previously described with neuro- 
protective efficacy in transient forebrain ischemia 
models in either gerbils or rats including LY- 178002 
[6], N-tert-butyl-a-phenynitrone (PBN; [17]) and di- 
methylthiourea (DMTU; [14]). However, much higher 
doses of all of these compounds appear to be required 
to achieve neuroprotection as compared to U-1 0 1 033E 
which is significantly effective at oral dose levels as low 
as 10 mg/kg. This suggests thai these earlier-described 
and studied compounds either may not be as brain- 
penetrable as thought or perhaps they are not as 
effective at attenuating oxygen radical-induced, iron- 
catalyzed Upid peroxidation as the pyrrolopyrimidines 
appear to be. In addition, U-101033E has been shown 
to have at least a 4 hr post-ischemic therapeutic win- 
dow. In contrast, PBN's ability to protect CAl neurons 
in the identical gerbil forebrain ischemia model is lost 
by 2 hrs after reperfusion [17]. Nevertheless,- further 
study of U-101033E and other pyrrolopyrimidines 
is neccessary before an exaa assessment of their 
neuroprotective activity in comparison to the earlier 
described compounds can be firmly established. 

The pyrrolopyrimidines similarly outperform tirila- 
zad, as well as another aniioxidani dihydrolipdate [1 8], 
with regard to the ability to reduce early infarct growth 
in the mouse permanent MCA occlusion model. In 
the face of peirnanent vascular occlusion, a successful 



neuxoprotective compound must intuitively be able to . 
penetrate the underperfused ischemic penumbra zone 
in order to be optimally effective in salvaging the still 
viable, but potentially doomed neural tissue. While 
tirilazad has been reported to reduce infarct volume to 
the setting of permanent MCA occlusion in Sprague- 
Dawley [16] and iFischer [3] rats, it his not been shown 
to be eflBLcacious in the same model in spontaneously 
hypertensive rat strain [22]. Likewise, tirilazad appears, 
to be only marginally effective in the mouse permanent . 
MCA model. In contrast, U-87663E, U-89843D and . 
U-101033E all potently decrease infarct si2e in the- 
3ame model, most likely due to their greater access to 
the ischemic brain parenchyma. 

Interestingly, the brain-penetrable pyrrolopyrimid- 
ines are not superior to tirilazad in the context of either 
temporary (but prolonged) focal ischemia (gerbil 3 £r 
luulatcral carotid occlusion) or in SAH-induced BBB 
damage. In the setting of temporary focal ischemia, 
tirilazad and U-87663E and U-89843A are equally 
neuroprotective. Two explanations are feasible. First 
of all, post-rcperfusion BBB damage in this model may 
serve to enhance parenchymal access of tirilazad such 
that it is able to reach the neurophil. Secondly, BBB 
damage, and its potential , attenuation by the micro- 
vascularly-localized tirilazad, may be equally impor- 
tant with parenchymal neuronal injury mechanispis 
which would be most efficiently countered by the braid- 
penetrable pyrrolopyrimidines. On the other hand, in 
the latter setting of S AH-induced BBB damage and the 
consequent pathological protein permeability, it is 
apparent that the microvasculsu'ly-localized tirilazad 
has a clear advantage. Hius, within the overall spec- 
trum of traumatic, ischemic and hemoixhagic CNS 
insults, it would seem that antioxidant compounds that 
localize in brain microvasculature.or that penetrate the 
brain parenchyma will both have specific, and no 
doubt complimentary, therapeutic roles to play. 
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